
(19) 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

(12) 

peen  des  brevets  E P   0  7 0 3   8 9 1   B 1  

EUROPEAN  PATENT  S P E C I F I C A T I O N  

(45)  Date  of  publication  and  mention 
of  the  grant  of  the  patent: 
28.10.1998  Bulletin  1998/44 

(21)  Application  number:  94920913.4 

(22)  Date  of  filing:  08.06.1994 

(51)  intci.6:  C07C  51/08,  C07C  51 /347 ,  
C07C  62/24,  C07C  5 5 / 1 8  

(86)  International  application  number: 
PCT/EP94/01865 

(87)  International  publication  number: 
WO  94/29257  (22.12.1994  Gazette  1994/28) 

(54)  PROCESS  FOR  PRODUCING  AN  OMEGA-FUNCTIONALIZED  ALIPHATIC  CARBOXYLIC  ACID 

VERFAHREN  ZUR  HERSTELLUNG  VON  EINER  OMEGA-FUNKTIONALISIERTEN 
ALIPHATISCHEN  CARBONSAURE 

PROCEDE  DE  PRODUCTION  D'UN  ACIDE  CARBOXYLIQUE  ALIPHATIQUE  FONCTIONNALISE 
EN  OMEGA 

(84)  Designated  Contracting  States: 
CH  DE  FR  IT  LI 

(30)  Priority:  15.06.1993  IT  MI931273 

(43)  Date  of  publication  of  application: 
03.04.1996  Bulletin  1996/14 

(73)  Proprietor:  INDUSTRIE  CHIMICHE  CAFFARO 
S.p.A. 
1-20121  Milano  (IT) 

(72)  Inventors: 
•  COTARCA,  Livius 

I-33052  Cervignano  del  Friuli  (IT) 
•  MAGGIONI,  Paolo 

I-22050  Montevecchia  (IT) 
•  NARDELLI,  Alfonso 

i-33052  Cervignano  del  Friuli  (IT) 

DO 

O) 
00 
CO 
o  
Is- 
o  
a .  
LU 

(74)  Representative:  Forattini,  Amelia 
c/o  Internazionale  Brevetti 
Ingg.  ZINI,  MARANESI  &  C.  S.r.l. 
Piazza  Castello  1 
20121  Milano  (IT) 

(56)  References  cited: 
US-A-  4  322  547 

•  JOURNAL  OF  ORGANIC  CHEMISTRY.,  vol.52, 
no.  16,  7  August  1987,  E  ASTON  US  pages  3674  - 
3680  TIMOTHY  P.BURNS  ET  AL.  'HIGHLY 
REACTIVE  MAGNESIUM  AND  ITS  APPLICATION 
TO  ORGANIC  SYNTHESES.' 

•  CHEMICAL  ABSTRACTS,  vol.  99,  no.  3,  18  July 
1983,  Columbus,  Ohio,  US;  abstract  no.  21911  g, 
ZAKHARKIN,  L.I.  ET  AL.  'SYNTHESIS  OF 
TRAUMATIC  (2E-DODECENOIC)  ACID  FROM 
DODECANOIC  ACID.'  page  569  ;column  2  ;  & 
IZV..AKAD.NAUK  SSSR,  SER.KHIM.,  no.2,  1983 
pages  461  -  463 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may  give 
notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall  be  filed  in 
a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been  paid.  (Art. 
99(1)  European  Patent  Convention). 

Printed  by  Jouve,  75001  PARIS  (FR) 



EP  0  703  891  B1 

Description 

The  present  invention  relates  to  a  process  for  producing  an  omega-functionalized  aliphatic  carboxylic  acid  that 
has  over  7  carbon  atoms  and  to  the  intermediate  products  of  this  process. 

5  More  particularly,  the  present  invention  relates  to  the  production  of  aliphatic  carboxylic  acids  that  have  more  than 
7  carbon  atoms  and  can  be  used  in  the  production  of  polyamides  with  a  large  number  of  carbon  atoms,  even  more 
particularly  polyamides  with  9  carbon  atoms  (nylon  9  and  nylon  6,9).  These  polyamides  are  particularly  appreciated 
due  to  their  mechanical  and  elastic  characteristics.  Despite  this,  current  worldwide  industrial  production  of  polyamide 
9  is  practically  nonexistent  due  to  lack  of  an  industrially  feasible  process  for  producing  9  amino  nonanoic  acid  with  the 

10  required  degree  of  purity. 
The  present  invention  furthermore  relates  particularly  to  the  production  of  1  ,9-nonandioic  acid  (azelaic  acid),  which 

is  used  in  the  field  of  lubricants,  polyester  and  alkyd  resins,  as  plasticizer  and  as  a  drug  for  dermatological  use,  and 
in  the  production  of  polyamide  6,9. 

A  process  for  oxidizing  ketones,  including  cyclic  ketones,  by  using  permonosulfuric  acid  as  an  oxidizing  agent  has 
is  been  known  since  the  last  century  as  the  Baeyer-Villiger  reaction  (A.  Von  Baeyer  and  V.  Villiger,  Ber.  1899,  32,  3265; 

1  400,  33,  858).  Other  oxidizing  agents  have  been  used  for  this  reaction,  such  as  for  example:  peracetic  acid,  described 
by  R.  Criegel  (Liebig  Annalen,  1948,  560,  127)  and  in  UK  patent  No.  1,203,752,  peracid  salts  such  as  magnesium 
permonophthalate  described  in  Syntesis  1015-1017,  1987,  or  persalts  such  as  sodium  perborate,  described  in  US 
patent  no.  4,988,825,  whereas  the  agent  used  most  is  m-chloroperbenzoic  acid.  More  recently,  methods  have  been 

20  described  for  synthesizing  lactones  from  ketones,  using  molecular  oxygen  in  the  presence  of  catalysts,  Tetrahedron 
Lett.  33,75557-60,  1992.  In  general,  the  synthesis  of  lactones  starting  from  cyclic  ketones  has  unpredictable  regiose- 
lectivity  and  chemoselectivity. 

Processes  for  producing  polyamides  9  are  known  and  are  described  by  K.A.  Pollart  and  R.E.  Miller,  (J.  Am.  Chem. 
Soc,  27,  2392,  1962),  by  William  R.  Miller  et  al.  (Ind.  Eng.  Chem.  Prod.  Res.  Develop.,  Vol  10,  No.  4,  1971)  and  by 

25  R.B.  Perkins,  Jr.  et  al.  (Journal  of  the  American  Oil  Chemists'  Society,  Vol  52,  November  1975);  processes  for  producing 
azelaic  acid  are  also  known  and  described  in  Ullmann's  Encyclopedia  of  Industrial  Chemistry,  fifth  edition,  volume  A 
8,  pages  523-539,  and  in  the  Kirk-Othmer  Enc,  Vol.  7,  page  623.  These  known  processes  are  all  based  on  a  complex 
process  for  the  ozonolysis  of  fatty  acids  of  natural  origin  such  as  oleic  acid  or  soya  oil.  The  ozonolysis  step  is  delicate 
and  intrinsically  dangerous  and  produces,  at  the  end  of  the  process,  a  mixture  of  unsaturated  products  that  are  very 

30  difficult  to  purify  and  for  which  purification  is  in  any  case  industrially  possible  only  up  to  80-90%.  Furthermore,  the 
availability  and  characteristics  of  the  initial  starting  products  fluctuate.  Finally,  it  is  unavoidable  to  also  obtain  additional 
co-products.  For  example,  starting  from  oleic  acid  one  obtains  azelaic  acid  but  also,  unavoidably,  pelargonic  acid,  with 
severe  limitations  to  the  free  use  of  the  individual  products. 

A  process  for  synthesizing  9  amino  nonanoic  acid,  starting  from  sabacic  acid  by  means  of  a  monoesterification, 
35  ammonolysis  and  Hofmann  degradation  has  been  described  (W.  Baoren  et  al,  Polymer  Communications,  (1),  27-32, 

1984.  However  this  process  has  a  very  low  selectivity  and  after  10  years  no  industrial  application  is  known. 
US  patent  No.  4,322,547  describes  a  process  which  is  based  on  the  catalytic  iron-copper  system  to  obtain  9  amino 

nonanoic  acid  and  azelaic  acid  starting  from  cyclohexanone  and  acrylonitrile.  This  process  entails  the  use  of  amounts 
of  catalyst,  by  weight,  that  are  extremely  high  and  indeed  comparable  with  the  weight  of  the  product  obtained.  Fur- 

40  thermore,  the  copper  must  be  introduced  in  the  process  before  the  iron,  and  therefore  after  mixing  it  is  very  difficult  to 
separate  the  iron  from  the  copper  to  recycle  them;  problems  accordingly  arise  in  disposing  of  the  used  and  mixed 
catalyst.  The  by-products  that  are  obtained  are  furthermore  very  difficult  to  separate. 

Due  to  the  above  indicated  reasons,  after  15  years  this  process  has  had  no  industrial  application,  whereas  the 
above  described  ozonolysis  process  is  still  industrially  in  use  after  more  than  20  years. 

45  The  aim  of  the  present  invention  is  therefore  to  solve  the  problems  and  drawbacks  of  known  processes,  allowing 
to  obtain  highly  pure  products  that  have  high  selectivity  so  as  to  attain  the  "polymer-grade"  purity  required  to  produce 
polyamides  9  or  6,9  and  "pharmaceutical-product  grade"  purity  for  azelaic  acid. 

An  object  is  to  start  from  industrial  products  of  petrochemical  origin  that  have  a  low  cost  and  are  widely  available. 
Another  object  is  to  allow  to  obtain  a  single  desired  final  product  without  accessory  co-productions. 

so  This  aim,  these  objects  and  others  are  achieved  by  the  process  according  to  the  invention  for  producing  an  omega- 
functionalized  aliphatic-chain  carboxylic  acid  with  more  than  7  carbon  atoms,  which  includes  the  following  steps: 

(i)  the  addition,  in  a  basic  environment,  of  the  compound  with  formula  (1) 

55 

2 
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and  of  the  compound  with  formula  (2) 
15 

CH2=CHR5  (2) 

where  each  one  of  Ft1,  R2,  R3,  and  R4  is:  hydrogen,  alkyl,  alkyl  aryl,  halogen,  or  hydroxyl;  R5  is  Y  or  a  group  that 
20  can  be  transformed  into  Y  with  known  methods:  Y  is  -COOH,  -CN,  -CONH2,  or  COOR6;  and  R6  is  an  optionally 

substituted  alkyl  or  aryl  radical,  obtaining  the  compound  with  formula  (3) 

25 

30 

35 
where  R1-R5  have  the  above  specified  meaning; 

(ii)  the  oxidation  of  the  compound  with  formula  (3),  obtaining  the  compound  with  formula  (5) 

R1OOC-CHR2-CHR3-CHR4-(CH2)m-R7-(CH2)n-R5  (5) 

where  R1-R5  have  the  above  specified  meaning;  R7  is  CH=CH  or  CHR8-CH2;  R8  is  OH,  OCOCH3,  OCH3,  OEt,  or 
halogen;  m  is  0,  1  or  2;  n  is  0  or  1  ;  and  m+n  is  1  or  2;  said  oxidation  being  performed  in  the  presence  of  an  organic 

45  acid  with  less  than  five  carbon  atoms,  preferably  in  the  presence  of  a  catalyst  which  is  constituted  by  a  strong  acid; 

(iii)  the  hydrogenation  or  hydrogenolysis  of  the  compound  with  formula  (5),  obtaining  an  omega-functionalized 
aliphatic-chain  carboxylic  acid. 

50  A  first  embodiment  of  the  process  is  illustrated  by  way  of  non-limitative  example  in  the  following  reaction  diagram  (I): 

55 
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A  second  embodiment  of  the  process  is  illustrated  by  way  of  non-limitative  example  in  the  following  reaction  diagram 
(II): 

0  

+  CH2  =  C H - C O O H  

^   b a s i c   c a t a l y s i s  

O  

^ J l ^ C H 2   -  CH,   -  C O O H  

H O O C   - ( C H , )  

H , 0 ,  

a c i d   c a t a l y s t  

O C O C H   3 
I 

-  C  -  CH2  - C H , -   C O O H  
I 

H  

-  C H , C O O H  

H O O C   - ( C H , )   -  CH  =  CH  -  CH,   -  C O O H  

H2 
(I  -  l O b a r )  

HOOC  - ( C H , ) 7   -  C O O H  

Preferably,  step  (i)  is  performed  in  a  basic  environment,  more  preferably  in  the  presence  of  a  compound  chosen 
among  ammonia,  primary,  secondary  aliphatic  and  alicyclic  amines,  and  their  mixture  with  tertiary  aliphatic  and  alicyclic 
amines.  The  temperature  of  the  reaction  in  step  (i)  is  preferably  between  20  and  200°C,  more  preferably  between  40 
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and  180°C,  and  more  preferably  between  60  and  160°C. 
The  compound  with  formula  (3)  can  be  constituted  for  example  by:  3-(2-cyclohexanonyl)propionitrile,  3-(2-cy- 

clohexanonyl)propionic  acid,  methyl  3-(2-cyclohexanonyl)propionate,  butyl  3-(2-cyclohexanonyl)propionate. 
According  to  a  first  embodiment,  the  oxidation  step  (ii)  can  be  performed  in  the  presence  of  an  oxidizing  agent 

5  chosen  among  hydrogen  peroxide,  an  organic  peracid  and  oxygen.  Preferably,  the  organic  peracid  is  a  cycloaliphatic 
peracid  and  particularly  a  cyclohexane  percarboxylic  acid,  optionally  substituted  in  its  cycloaliphatic  ring.  This  peracid 
has  the  specific  advantage  that  it  can  be  obtained  starting  from  cyclohexancarboxylic  acid,  which  is  a  widely  available, 
highly  pure  and  low-cost  product. 

The  oxidation  step  (ii)  can  be  performed  in  the  presence  of  an  organic  acid  with  less  than  5  carbon  atoms,  preferably 
10  in  the  presence  of  a  catalyst  which  is  constituted  by  a  strong  acid,  preferably  methane  sulfonic  acid. 

According  to  a  second  embodiment,  the  oxidation  step  (ii)  comprises  a  hydrolysis  step  conducted  in  an  aqueous 
phase  in  the  presence  of  an  agent  chosen  among  NaOH,  alcohol,  and  acetic  acid.  This  second  embodiment  is  partic- 
ularly  suitable  when  Y  is  -COOH.  In  this  case,  R7  is  preferably  CHOH-CH2,  CHOCOCH3-CH2,  CHOCH3-CH2,  CHOEt- 
CH2,  CHhalogen-CH2. 

is  As  an  alternative,  according  to  another  embodiment,  step  (ii)  is  performed  with  molecular  oxygen  in  the  presence 
of  a  catalyst,  for  example  a  Ni  catalyst  complexed  with  1  ,3-diketone  or  an  iron  oxide  and  an  aldehyde. 

The  subsequent  step  (iii)  can  furthermore  include  dehydration  or  dehydrohalogenation  or  dealkoxylation  of  the 
compound  with  formula  (5)  to  obtain  the  compound  with  formula  (6) 

20  
R1OOC-CHR2-CHR3-CHR4-(CH2)m-CH=CH-(CH2)n-COOH  (6) 

where  R1-R4,  R7,  m  and  n  have  the  same  meaning,  and  hydrogenation  of  the  compound  with  formula  (6)  may  also  be 
included.  This  hydrogenation  can  be  performed  at  a  pressure  between  1  and  10  bar  (0.1  and  1  MPa),  preferably 

25  between  2  and  5  bar  (0.2  and  0.5  MPa). 
If  Y  is  -CN  and  R7  is  CH=CH,  the  hydrogenation  step  (iii)  is  advantageously  performed  at  a  temperature  between 

20  and  200°C,  preferably  at  a  temperature  between  30  and  1  30°C,  more  preferably  at  a  temperature  between  40  and 
70°C,  and  at  a  pressure  between  1  and  200  bar  (0.1  and  20  MPa),  preferably  at  a  pressure  between  2  and  130  bar 
(0.2  to  1  3  MPa)  to  obtain  an  amino  acid. 

30  If  R7  is  CH=CH,  the  hydrogenation  step  (iii)  is  advantageously  performed  at  a  temperature  between  20  and  200°C, 
preferably  at  a  temperature  between  30  and  130°C,  more  preferably  at  a  temperature  between  40  and  70°C,  and  at 
a  pressure  between  1  and  200  bar  (0.1  and  20  MPa),  preferably  at  a  pressure  between  2  and  130  bar  (0.2  and  13 
MPa)  and  comprises  basic  saponification  and  acidification  to  obtain  a  dicarboxylic  acid. 

If  Y  is  -CN  and  R7  is  CHOH-CH2,  CHOCOCH3-CH2,  CHOCH3-CH2,  CHOEt-CH2,  CHhalogen-CH2,  the  hydrogen- 
35  ation  step  (iii)  is  advantageously  performed  at  a  temperature  between  20  and  200°C,  preferably  at  a  temperature 

between  30  and  130°C,  more  preferably  at  a  temperature  between  40  and  70°C,  and  at  a  pressure  between  1  and 
200  bar  (0.1  and  20  MPa),  preferably  at  a  pressure  between  2  and  130  bar  (0.2  and  13  MPa)  to  obtain  an  amino  acid. 

If  Y  is  -COOH  or  COOR6,  where  R6  has  the  same  meaning,  and  R7  is  CHOH-CH2,  CHOCOCH3-CH2,  CHOCH3- 
CH2,  CHOEt-CH2,  CHhalogen-CH2,  the  hydrogenation  step  (iii)  is  advantageously  performed  at  a  temperature  between 

40  20  and  200°C,  preferably  at  a  temperature  between  30  and  1  30°C,  more  preferably  at  a  temperature  between  40  and 
70°C,  and  at  a  pressure  between  1  and  200  bar  (0.1  and  20  MPa),  preferably  at  a  pressure  between  2  and  130  bar 
(0.2  and  13  MPa),  and  comprises  basic  saponification  and  acidification  to  obtain  a  dicarboxylic  acid. 

If  R7  is  CHOH-CH2,  step  (iii)  can  include  dehydration  or  dehydrohalogenation  or  dealkoxylation  of  the  compound 
with  formula  (5). 

45  The  following  examples  are  enclosed  by  way  of  non-limitative  example  of  the  present  invention. 

Example  1 

7-cyanoethyl-2-oxepanone 
50 

A  reactor  is  loaded  with  500  g  of  3-(2-cyclohexanonyl)propionitrile  in  1000  ml  of  n-hexane;  the  reaction  mixture  is 
heated  to  50°C  and  a  solution  of  520  g  of  perhexahydrobenzoic  acid  in  3000  ml  of  n-hexane  is  added.  The  reaction 
mixture  is  kept  agitated  for  three  hours  at  55°C  and  then  the  lower  phase,  mainly  formed  by  7-cyano-ethyl-2-oxepanone 
and  hexahydrobenzoic  acid,  is  separated,  while  the  upper  phase  contains  hexahydrobenzoic  acid  and  small  amounts 

55  of  unreacted  cyanoketone.  Treatment  of  the  lower  phase  with  n-hexane  allows  to  isolate  515  g  of  7-cyanoethyl-2-ox- 
epanone,  equal  to  a  yield  of  over  93%,  with  99%  ketone  conversion.  The  7-cyanoethyl-2-oxepanone  (m.p.  35°C)  is 
identified  by  means  of  I.R.  (KBr)  analysis  techniques:  2970,  2870,  2245,  1720,  1175  cm-1  and  mass  spectrometry  by 

6 
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electron-impact  ionization  (70  eV):  168,  150,  139,  122,  113,  95,  84,  67,  55,  41.  Analytically  calculated  values  for 
CgH^NOa  (167.21):  C  64.65%,  H  7.83%,  N  8.38%.  Found:  C  64.51%,  H  7.98%,  N  8.46%. 

Example  2 
5 

7-cyanoethyl-2-oxepanone 

A  reactor  is  loaded  with  151  g  of  3-(2-cyclohexanonyl)propionitrile  in  500  ml  of  n-hexane  and  260  g  of  m-chlorop- 
erbenzoic  acid  (70%  titer)  dissolved  at  50°C  in  2000  ml  of  n-hexane  in  30  minutes.  The  solution  is  heated  to  55°C  for 

10  15  hours.  Cooling  of  the  solution  separates,  in  crystalline  form,  part  of  the  m-chlorobenzoic  acid  which  is  scarcely 
soluble  in  the  system,  together  with  a  heavy  liquid  phase  which  is  formed  by  7-cyanoethyl-2-oxepanone  and  by  m- 
chlorobenzoic  acid.  71.5  g  of  7-cyanoethyl-2-oxepanone,  impure  with  m-chlorobenzoic  acid,  are  recovered  from  the 
lower  phase.  24  g  of  7-cyanoethyl-2-oxepanone  are  recovered  from  the  upper  phase  by  concentration  and  several 
crystallizations.  Conversion  over  the  initial  ketone  is  85%.  Yield  on  the  converted  amount  is  57%. 

15 
Example  3 

7-cyanoethyl-2-oxepanone 

20  A  reactor  is  loaded  with  151  g  of  3-(2-cyclohexanonyl)propionitrile  in  500  ml  of  glacial  acetic  acid.  This  solution 
receives  the  addition  of  210  g  of  40%  peracetic  acid  in  2  hours,  keeping  the  temperature  between  30  and  40°C.  After 
the  addition  has  been  completed,  the  reaction  mixture  is  heated  to  60°C  for  3  hours  to  complete  the  reaction.  The 
reaction  mixture  is  distilled  in  vacuum,  recovering  acetic  acid  and  obtaining  150  g  of  an  oily  residue  that  contains  35% 
7-  cyanoethyl-2-oxepanone  together  with  65%  by-products,  with  98%  conversion  of  the  initial  ketone  (GLC  analysis). 

25 
Example  4 

8-  cyanoocten-7-oic  acid 

30  1  67  g  of  7-cyanoethyl-2-oxepanone  are  heated  in  a  reactor  to  a  temperature  of  450°C  in  inert  atmosphere,  col- 
lecting  0.5  g/minute  of  liquid  condensed  product  mainly  formed  by  8-cyano-7-octanoic  acid,  with  95%  lactone  conver- 
sion  and  93%  selectivity. 

The  product,  with  a  b.p.  of  155°C  at  0.05  torr,  was  identified  with  I.R.  (film)  analysis  techniques:  3500,  3050,  3000, 
2940,  2870,  2260,  1710,  1610,  1420,  975  cm"1  and  mass  spectrometry  by  electron-impact  ionization  (70  eV)  :  168, 

35  149,  121,  94,  80,  67,  55,  53,  41,  39.  Analytically  calculated  values  for  C9H13N02  (167.21):  C  64.65%,  H  7.83%,  N 
8.30%.  Found:  C  64.55%,  H  8.01%,  N  8.45%. 

Example  5 

40  8-cyanooctanoic  acid 

1  67  g  of  8-cyano-7-octanoic  acid  dissolved  in  800  ml  of  toluene  are  hydrogenated  selectively  at  2  bar  in  an  autoclave 
in  the  presence  of  10  g  of  Pd  on  charcoal  at  5%  at  50°C  for  5  hours. 

After  filtration  of  the  catalyst  and  evaporation  of  the  solvent,  165  g  of  an  oil  that  distills  at  150°C  at  0.05  torr  are 
45  recovered.  The  product  has  been  identified  as  8-cyanooctanoic  acid  by  I.R.  (film)  analysis  techniques:  3400,  3000, 

2950,  2875,  2260,  1710,  1430  cm"1  and  mass  spectrometry  by  electron-impact  ionization  (70  eV):  170,  152,  140,  123, 
110,  94,  83,  69,  55,  41.  Analytically  calculated  values  for  C9H15N02  (169.22):  C  63.88%,  H  8.93%,  N  8.28%.  Found: 
C  63.76%,  H  9.12%,  N  8.37%. 

so  Example  6 

azelaic  acid 

83.5  g  of  8-cyanooctanoic  acid  dissolved  in  300  ml  of  dimethyl  ether  ethylene  glycol  are  heated  to  130°C  for  4 
55  hours  in  the  presence  of  50g  of  40%  caustic  soda.  After  cooling,  the  reaction  mixture  is  diluted  with  water,  then  acidified 

to  pH  5  with  diluted  sulfuric  acid,  and  then  the  precipitated  solid  is  filtered.  After  drying,  92  g  of  azelaic  acid  with  a  m. 
p.  of  107°C  are  obtained. 
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Example  7 

9-aminononanoic  acid 

167  g  of  8-cyano-7-octanoic  acid  dissolved  in  1000  ml  of  propyl  alcohol  are  hydrogenated  at  50°C  and  80  bar  for 
4  hours,  using  20  g  of  Ni-Raney  as  a  catalyst.  The  catalyst  is  filtered  out  and  the  solution  is  concentrated.  Cooling  and 
purification  produce  9-aminononanoic  acid  in  the  form  of  a  crystalline  solid  product  with  a  m.p.  of  190-193°C. 

Claims 

1.  Process  for  producing  an  omega-functionalized  aliphatic-chain  carboxylic  acid  with  more  than  7  carbon  atoms, 
comprising  the  following  steps: 

(i)  the  addition,  in  a  basic  environment,  of  the  compound  with  formula  (1) 

o  

and  of  the  compound  with  formula  (2) 

CH2=CHR5  (2) 

where  each  one  of  Ft1,  R2,  R3,  and  R4  is:  hydrogen,  alkyl,  alkyl  aryl,  halogen,  or  hydroxyl;  R5  is  Y  or  a  group 
that  can  be  transformed  into  Y  with  known  methods:  Y  is  -COOH,  -CN,  -CONH2,  or  COOR6;  and  R6  is  an 
optionally  substituted  alkyl  or  aryl  radical,  obtaining  the  compound  with  formula  (3) 

where  R1-R5  have  the  above  specified  meaning; 

(ii)  the  oxidation  of  the  compound  with  formula  (3),  obtaining  the  compound  with  formula  (5) 

R1OOC-CHR2-CHR3-CHR4-(CH2)m-R7-(CH2)n-R5  (5) 

8 
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where  R1-R5  have  the  above  specified  meaning;  R7  isCH=CH  orCHR8-CH2;  R8  is  OH,  OCOCH3,  OCH3,  OEt, 
or  halogen;  m  is  0,  1  or  2;  n  is  0  or  1  ;  and  m+n  is  1  or  2;  said  oxidation  being  performed  in  the  presence  of  an 
organic  acid  with  less  than  five  carbon  atoms,  preferably  in  the  presence  of  a  catalyst  which  is  constituted  by 
a  strong  acid; 

5 
(iii)  the  hydrogenation  or  hydrogenolysis  of  the  compound  with  formula  (5),  obtaining  an  omega-functionalized 
aliphatic-chain  carboxylic  acid. 

2.  Process  according  to  claim  1  ,  wherein  said  step  (i)  is  performed  in  a  basic  environment,  preferably  in  the  presence 
10  of  a  compound  chosen  among  ammonia  and  primary,  secondary  or  tertiary  aliphatic  and  alicyclic  amines. 

3.  Process  according  to  at  least  one  of  the  preceding  claims,  wherein  said  step  (i)  is  performed  at  a  temperature 
between  20  and  160°C,  preferably  between  40  and  140°C,  more  preferably  between  60  and  100°C. 

is  4.  Process  according  to  at  least  one  of  the  preceding  claims,  wherein  said  oxidation  step  (ii)  is  performed  in  the 
presence  of  an  oxidizing  agent  chosen  between  hydrogen  peroxide  and  an  organic  peracid. 

5.  Process  according  to  at  least  one  of  the  preceding  claims,  wherein  said  oxidation  step  (ii)  is  performed  in  the 
presence  of  a  catalyst  which  is  constituted  by  methane  sulfonic  acid. 

20 
6.  Process  according  to  at  least  one  of  the  preceding  claims,  wherein  Y  is  -COOH  and  said  oxidation  step  (ii)  com- 

prises  a  hydrolysis  step  performed  in  an  aqueous  phase  in  the  presence  of  an  agent  chosen  among  NAOH,  alcohol, 
and  acetic  acid. 

25  7.  Process  according  to  claim  6,  wherein  R7  is  CHOH-CH2,  CHOCOCH3-CH2,  CHOCH3-CH2,  CHOEt-CH2,  CHhal- 
ogen-CH2,  and  said  step  (iii)  comprises  dehydration  or  dehydrohalogenation  or  dealkoxylation  of  the  compound 
with  formula  (5)  to  obtain  the  compound  with  formula  (6) 

30  R1OOC-CHR2-CHR3-CHR4-(CH2)m-CH=CH-(CH2)n-COOH  (6) 

where  R1  -R4,  R7,  m  and  n  have  the  same  meaning,  and  comprises  hydrogenation  of  the  compound  with  formula  (6). 

8.  Process  according  to  claim  7,  wherein  said  hydrogenation  is  performed  at  a  pressure  between  1  and  10  bar  (0.1 
35  and  1  MPa),  preferably  between  2  and  5  bar  (0.2  and  0.5  MPa). 

9.  Process  according  to  at  least  one  of  the  preceding  claims,  wherein  Y  is  -CN  and  R7  is  CH=CH,  said  hydrogenation 
step  (iii)  is  performed  at  a  temperature  between  20  and  200°C,  preferably  at  a  temperature  between  30  and  1  30°C, 
more  preferably  at  a  temperature  between  40  and  70°C,  and  at  a  pressure  between  1  and  200  bar  (0.1  and  20 

40  MPa),  preferably  at  a  pressure  between  2  and  1  30  bar  (0.2  and  1  3  MPa)  to  obtain  an  amino  acid. 

10.  Process  according  to  at  least  one  of  claims  1  to  8,  wherein  R7  is  CH=CH,  said  hydrogenation  step  (iii)  is  performed 
at  a  temperature  between  20  and  200°C,  preferably  at  a  temperature  between  30  and  1  30°C,  more  preferably  at 
a  temperature  between  40  and  70°C,  and  at  a  pressure  between  1  and  200  bar  (0.1  and  20  MPa),  preferably  at 

45  a  pressure  between  2  and  1  30  bar  (0.2  and  1  3  MPa),  and  comprises  basic  saponification  and  acidification  to  obtain 
a  dicarboxylic  acid. 

11.  Process  according  to  at  least  one  of  the  preceding  claims,  wherein  Y  is  -CN  and  R7  is  CHOH-CH2,  CHOCOCH3- 
CH2,  CHOCH3-CH2,  CHOEt-CH2,  CHhalogen-CH2,  said  hydrogenation  step  (iii)  is  performed  at  a  temperature 

50  between  20  and  200°C,  preferably  at  a  temperature  between  30  and  130°C,  more  preferably  at  a  temperature 
between  40  and  70°C,  and  at  a  pressure  between  1  and  200  bar  (0.1  and  20  MPa),  preferably  at  a  pressure 
between  2  and  1  30  bar  (0.2  and  1  3  MPa)  to  obtain  an  amino  acid. 

12.  Process  according  to  at  least  one  of  the  preceding  claims,  wherein  Y  is  -COOH  or  COOR6,  where  R6  has  the  same 
55  meaning  as  claim  1  ,  and  R7  is  CHOH-CH2,  CHOCOCH3-CH2,  CHOCH3-CH2,  CHOEt-CH2,  CHhalogen-CH2,  said 

hydrogenation  step  (iii)  is  performed  at  a  temperature  between  20  and  200°C,  preferably  at  a  temperature  between 
30  and  1  30°C,  more  preferably  at  a  temperature  between  40  and  70°C,  and  at  a  pressure  between  1  and  200  bar 
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(0.  1  and  20  MPa),  preferably  at  a  pressure  between  2  and  1  30  bar  (0.2  and  1  3  MPa)  and  comprises  basic  sapon- 
ification  and  acidification  to  obtain  a  dicarboxylic  acid. 

13.  Process  according  to  at  least  one  of  the  preceding  claims,  wherein  R7  is  CHOH-CH2,  said  step  (iii)  comprising 
dehydration  or  dehydrohalogenation  or  dealkoxylation  of  the  compound  with  formula  (5). 

Patentanspriiche 

1.  Verfahren  zur  Herstellung  einer  omega-funktionalisierten  aliphatischen  Carbonsaure  mit  mehr  als  7  Kohlenstoff- 
atomen,  welches  die  folgenden  Schritte  umfaBt: 

(i)  die  Zugabe  einer  Verbindung  mit  der  Formel  (1  )  in  einer  basischen  Umgebung 

0  

(1) 

und  der  Verbindung  mit  der  Formel  (2) 

CH2=CHR5  (2) 

worin  Ft1,  R2,  R3  und  R4  jeweils  sind:  Wasserstoff,  Alkyl,  Alkylaryl,  Halogen  oder  Hydroxyl;  R5  ist  Y  oder  eine 
Gruppe,  die  mit  bekannten  Verfahren  in  Y  umgewandelt  werden  kann:  Y  ist  -COOH,  -CN,  -CONH2  oder 
COOR6;  und  R6  ist  ein  gegebenenfalls  substituierter  Alkyl-  oder  Arylrest,  wobei  die  Verbindung  mit  der  Formel 
(3)  erhalten  wird 

worin  R1  -  R5  die  oben  spezifizierte  Bedeutung  haben; 

(ii)  die  Oxidation  der  Verbindung  mit  der  Formel  (3),  wobei  die  Verbindung  mit  der  Formel  (5)  erhalten  wird 

R1OOC-CHR2-CHR3-CHR4-(CH2)m-R7-(CH2)n-R5  (5) 

worin  R1  -  R5  die  oben  spezifizierte  Bedeutung  haben;  R7  CH=CH  oder  CHR8-CH2  ist;  R8  OH,  OCOCH3, 

10 
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OCH3  ,  OEt  oder  Halogen  ist,  m  0,  1  oder  2  ist,  n  0  oder  1  ist;  und  m+n  ist  1  oder  2,  wobei  die  Oxidation  in 
Gegenwart  einer  organischen  Saure  mit  weniger  als  fiinf  Kohlenstoffatomen,  bevorzugt  in  Gegenwart  eines 
Katalysators,  der  durch  eine  starke  Saure  gebildet  wird,  durchgefuhrt  wird; 

5  (iii)  die  Hydrierung  oder  Hydrogenolyse  der  Verbindung  mit  der  Formel  (5),  wobei  eine  omega-f  unktionalisierte 
aliphatische  Carbonsaure  erhalten  wird. 

2.  Verfahren  nach  Anspruch  1,  worin  Schritt  (i)  in  einer  basischen  Umgebung,  vorzugsweise  in  Gegenwart  einer 
Verbindung  ausgewahlt  aus  Ammoniak  und  primaren,  sekundaren  oder  tertiaren  aliphatischen  und  alicyclischen 

10  Aminen,  durchgefuhrt  wird. 

3.  Verfahren  nach  mindestens  einem  der  voranstehenden  Anspruche,  worin  Schritt  (i)  bei  einer  Reaktionstemperatur 
zwischen  20  und  160°C,  bevorzugt  zwischen  40  und  140°C  und  ganz  besonders  bevorzugt  zwischen  60  und 
100°C  durchgefuhrt  wird. 

15 
4.  Verfahren  nach  mindestens  einem  der  voranstehenden  Anspruche,  worin  der  Oxidationsschritt  (ii)  in  Gegenwart 

eines  Oxidationsmittels,  ausgewahlt  zwischen  Wasserstoffperoxid  und  einer  organischen  Persaure  durchgefuhrt, 
wird. 

20  5.  Verfahren  nach  einem  der  voranstehenden  Anspruche,  worin  der  Oxidationsschritt  (ii)  in  Gegenwart  eines  Kata- 
lysators,  der  von  Methansulfonsaure  gebildet  wird,  durchgefuhrt  wird. 

6.  Verfahren  nach  einem  der  voranstehenden  Anspruche,  worin  Y  -COOH  ist  und  der  Oxidationsschritt  (ii)  einen 
Hydrolyseschritt  umfaBt,  der  in  einer  waBrigen  Phase  in  Gegenwart  eines  Mittels,  ausgwahlt  aus  NaOH,  Alkohol 

25  und  Essigsaure,  durchgefuhrt  wird. 

7.  Verfahren  nach  Anspruch  6,  worin  R7  CHOH-CH2,  CHOCOCH3-CH2,  CHOCH3-CH2,  CHOEt-CH2,  CHHalogen- 
CH2  ist  und  der  Schritt  (iii)  Dehydratisierung  oder  Dehydrohalogenierung  oder  Dealkoxylierung  der  Verbindung 
mit  der  Formel  (5),  urn  die  Verbindung  mit  der  Formel  (6)  zu  erhalten 

30 

R1OOC-CHR2-CHR3-CHR4-(CH2)m-CH=CH-(CH2)n-COOH  (6) 

worin  R1  -  R4,  R7,  m  und  n  die  gleiche  Bedeutung  wie  in  Anspruch  1  haben,  und  Hydrierung  der  Verbindung  mit 
35  der  Formel  (6)  umfaBt. 

8.  Verfahren  nach  Anspruch  7,  worin  die  Hydrierung  bei  einem  Druck  zwischen  1  und  10  bar  (0,1  und  1  Mpa),  vor- 
zugsweise  zwischen  2  und  5  bar  (0,2  und  0,5  Mpa)  durchgefuhrt  wird. 

40  9.  Verfahren  nach  mindestens  einem  der  einem  der  voranstehenden  Anspruche,  worin  Y  -CN  ist  und  R7  CH=CH  ist, 
der  Hydrierungsschritt  (iii)  bei  einer  Temperatur  zwischen  20  und  200°C,  vorzugsweise  bei  einer  Temperatur  zwi- 
schen  30  und  130°C,  besonders  bevorzugt  bei  einer  Temperatur  zwischen  40  und  70°C,  und  bei  einem  Druck 
zwischen  1  und  200  bar  (0,1  und  20  Mpa),  vorzugsweise  bei  einem  Druck  zwischen  2  und  130  bar  (0,2  und  13 
Mpa)  durchgefuhrt  wird,  urn  eine  Aminosaure  zu  erhalten. 

45 
10.  Verfahren  nach  mindestens  einem  der  Anspruche  1  bis  8,  worin  R7  CH=CH  ist,  der  Hydrierungsschritt  (iii)  bei  einer 

Temperatur  zwischen  20  und  200°C,  vorzugsweise  bei  einer  Temperatur  zwischen  30  und  130°C,  besonders  be- 
vorzugt  bei  einer  Temperatur  zwischen  40  und  70°C,  und  bei  einem  Druck  zwischen  1  und  200  bar  (0,1  und  20 
Mpa),  vorzugsweise  bei  einem  Druck  zwischen  2  und  130  bar  (0,2  und  13  Mpa)  durchgefuhrt  wird  und  basische 

50  Verseifung  und  Ansauerung  umfaBt,  urn  eine  Dicarbonsaure  zu  erhalten. 

11.  Verfahren  nach  mindestens  einem  der  voranstehenden  Anspruche,  worin  Y  -CN  ist  und  R7  CHOH-CH2, 
CHOCOCH3-CH2,  CHOCH3-CH2,  CHOEt-CH2,  CHHalogen-CH2  ist,  der  Hydrierungsschritt  (iii)  bei  einer  Tempe- 
ratur  zwischen  20  und  200°C,  vorzugsweise  bei  einer  Temperatur  zwischen  30  und  130°C,  besonders  bevorzugt 

55  bei  einer  Temperatur  zwischen  40  und  70°C,  und  bei  einem  Druck  zwischen  1  und  200  bar  (0,1  und  20  Mpa), 
vorzugsweise  bei  einem  Druck  zwischen  2  und  1  30  bar  (0,2  und  1  3  Mpa)  durchgefuhrt  wird,  urn  eine  Aminosaure 
zu  erhalten. 
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12.  Verfahren  nach  mindestens  einem  der  voranstehenden  Anspruche,  worin  Y  -COOH  oder  COOR6  ist,  worin  R6  die 
gleiche  Bedeutung  hat  wie  in  Anspruch  1,  und  R7  CHOH-CH2,  CHOCOCH3-CH2,  CHOCH3-CH2,  CHOEt-CH2, 
CHHalogen-CH2  ist,  der  Hydrierungsschritt  (iii)  bei  einer  Temperatur  zwischen  20  und  200°C,  vorzugsweise  bei 
einer  Temperatur  zwischen  30  und  1  30°C,  besonders  bevorzugt  bei  einer  Temperatur  zwischen  40  und  70°C,  und 
bei  einem  Druck  zwischen  1  und  200  bar  (0,1  und  20  Mpa),  vorzugsweise  bei  einem  Druck  zwischen  2  und  130 
bar  (0,2  und  13  Mpa)  durchgefuhrt  wird,  urn  eine  Aminosaure  zu  erhalten. 

13.  Verfahren  nach  mindestens  einem  der  voranstehenden  Anspruche,  worin  R7  CHOHCH2  ist,  wobei  der  Schritt  (iii) 
Dehydatisierung  oder  Dehydrohalogenierung  oder  Dealkoxylierung  der  Verbindung  mit  der  Formel  (5)  umfaBt. 

Revendications 

1.  Procede  de  production  d'un  acide  carboxylique  aliphatique  fonctionnalise  en  omega  avec  plus  de  7  atomes  de 
carbone,  comprenant  les  etapes  suivantes  : 

(i)  I'addition,  dans  un  environnement  basique,  du  compose  de  formule  (1) 

o  

et  du  compose  de  formule  (2) 

CH2=CHR5  (2) 

ou  chacun  des  Ft1,  R2,  R3,  et  R4,  est  :  I'hydrogene,  un  alkyle,  un  alkylaryle,  un  halogene  ou  un  hydroxyle  ;  R5 
est  Y  ou  un  groupe  qui  peut  etre  transforme  en  Y  par  des  procedes  connus  :  Y  est  -COOH,  -CN,  -CONH2  ou 
COOR6  ;  et  R6  est  un  radical  alkyle  ou  aryle  eventuellement  substitue,  afin  d'obtenir  le  compose  de  formule 
(3)  ou  R1  a  R5  ont  la  signification  precisee  ci-dessus  ; 

(ii)  I'oxydation  du  compose  de  formule  (3),  afin  d'obtenir  le  compose  de  formule  (5) 

R1OOC-CHR2-CHR3-CHR4-(CH2)m-R7-(CH2)n-R5  (5) 

ou  R1  a  R5  ont  la  signification  precisee  ci-dessus  ;  R7  est  CH=CH  ou  CHR8-CH2  ;  R8  est  OH,  OCOCH3,  OCH3, 
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OEt,  ou  un  halogene  ;  m  est  0,  1  ou  2  ;  n  est  0  ou  1  ;  et  m+n  est  1  ou  2  ;  ladite  oxydation  etant  effectuee  en 
presence  d'un  acide  organique  avec  moins  de  cinq  atomes  de  carbone,  de  preference  en  presence  d'un  ca- 
talyseur  qui  est  constitue  d'un  acide  fort  ; 

5  (iii)  I'hydrogenation  ou  I'hydrogenolyse  du  compose  de  formule  (5),  afin  d'obtenir  un  acide  carboxylique  ali- 
phatique  fonctionnalise  en  omega. 

2.  Procede  selon  la  revendication  1,  dans  lequel  ladite  etape  (i)  est  effectuee  dans  un  environnement  basique,  de 
preference  en  presence  d'un  compose  choisi  parmi  I'ammoniac  et  des  amines  aliphatiques  et  alicycliques  primai- 

10  res,  secondaires  ou  tertiaires. 

3.  Procede  selon  au  moins  I'une  des  revendications  precedentes,  dans  lequel  ladite  etape  (i)  est  effectuee  a  une 
temperature  comprise  entre  20  et  1  60°C,  de  preference  entre  40  et  1  40°C,  de  preference  encore  entre  60  et  1  00°C. 

is  4.  Procede  selon  au  moins  I'une  des  revendications  precedentes,  dans  lequel  ladite  etape  d'oxydation  (ii)  est  effec- 
tuee  en  presence  d'un  agent  oxydant  choisi  entre  le  peroxyde  d'hydrogene  et  un  peracide  organique. 

5.  Procede  selon  au  moins  I'une  des  revendications  precedentes,  dans  lequel  ladite  etape  d'oxydation  (ii)  est  effec- 
tuee  en  presence  d'un  catalyseur  qui  est  constitue  d'acide  methylsulfonique. 

20 
6.  Procede  selon  au  moins  I'une  des  revendications  precedentes,  dans  lequel  Y  est  -COOH  et  ladite  etape  d'oxydation 

(ii)  comprend  une  etape  d'hydrolyse  effectuee  dans  une  phase  aqueuse,  en  presence  d'un  agent  choisi  parmi 
NaOH,  un  alcool  et  I'acide  acetique. 

25  7.  Procede  selon  la  revendication  6,  dans  lequel  R7  est  CHOH-CH2,  CHOCOCH3-CH2,  CHOCH3-CH2,  CHOEt-CH2, 
CHhalogene-CH2,  et  ladite  etape  (iii)  comprend  la  deshydratation  ou  la  deshydrohalogenation  ou  la  desalcoxylation 
du  compose  de  formule  (5)  pour  obtenir  le  compose  de  formule  (6) 

30  R1OOC-CHR2-CHR3-CHR4-(CH2)m-CH=CH-(CH2)n-COOH  (6) 

ou  R1  a  R4,  R7,  m  et  n  ont  la  meme  signification,  et  comprend  I'hydrogenation  du  compose  de  formule  (6). 

8.  Procede  selon  la  revendication  7,  dans  lequel  ladite  hydrogenation  est  effectuee  a  une  pression  comprise  entre 
35  1  et  10  bars  (0,1  et  1  MPa),  de  preference  entre  2  et  5  bars  (0,2  et  0,5  MPa). 

9.  Procede  selon  au  moins  I'une  des  revendications  precedentes,  dans  lequel  Y  est  -CN  et  R7  est  CH=CH,  ladite 
etape  d'hydrogenation  (iii)  est  effectuee  a  une  temperature  comprise  entre  20  et  200°C,  de  preference  a  une 
temperature  comprise  entre  30  et  130°C,  de  preference  encore  a  une  temperature  comprise  entre  40  et  70°C,  et 

40  a  une  pression  comprise  entre  1  et  200  bars  (0,1  et  20  MPa),  de  preference  a  une  pression  comprise  entre  2  et 
1  30  bars  (0,2  et  1  3  MPa)  pour  obtenir  un  acide  amine. 

10.  Procede  selon  au  moins  I'une  des  revendications  1  a  8,  dans  lequel  Ft'  est  CH=CH,  ladite  etape  d'hydrogenation 
(iii)  est  effectuee  a  une  temperature  comprise  entre  20  et  200°C,  de  preference  a  une  temperature  comprise  entre 

45  30  et  130°C,  de  preference  encore  a  une  temperature  comprise  entre  40  et  70°C,  et  a  une  pression  comprise 
entre  1  et  200  bars  (0,1  et  20  MPa),  de  preference  a  une  pression  comprise  entre  2  et  130  bars  (0,2  et  13  MPa), 
et  comprend  une  saponification  basique  et  une  acidification  pour  obtenir  un  acide  dicarboxylique. 

11.  Procede  selon  au  moins  I'une  des  revendications  precedentes,  dans  lequel  Y  est  -CN  et  R7  est  CHOH-CH2, 
50  CHOCOCH3-CH2,  CHOCH3-CH2,  CHOEt-CH2,  CHhalogene-CH2,  et  ladite  etape  d'hydrogenation  (iii)  est  effec- 

tuee  a  une  temperature  comprise  entre  20  et  200°C,  de  preference  a  une  temperature  comprise  entre  30  et  1  30°C, 
de  preference  encore  a  une  temperature  comprise  entre  40  et  70°C,  et  a  une  pression  comprise  entre  1  et  200 
bars  (0,1  et  20  MPa),  de  preference  a  une  pression  comprise  entre  2  et  130  bars  (0,2  et  13  MPa)  pour  obtenir  un 
acide  amine. 

55 
12.  Procede  selon  au  moins  I'une  des  revendications  precedentes,  dans  lequel  Y  est  -COOH  ou  COOR6,  ou  R6  a  la 

meme  signification  que  dans  la  revendication  1  ,  et  R7  est  CHOH-CH2,  CHOCOCH3-CH2,  CHOCH3-CH2,  CHOEt- 
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CH2,  CHhalogene-CH2,  et  ladite  etape  d'hydrogenation  (iii)  est  effectuee  a  une  temperature  comprise  entre  20  et 
200°C,  de  preference  a  une  temperature  comprise  entre  30  et  130°C,  de  preference  encore  a  une  temperature 
comprise  entre  40  et  70°C,  et  a  une  pression  comprise  entre  1  et  200  bars  (0,1  et  20  MPa),  de  preference  a  une 
pression  comprise  entre  2  et  1  30  bars  (0,2  et  1  3  MPa)  ),  et  comprend  une  saponification  basique  et  une  acidification 

5  pour  obtenir  un  acide  dicarboxylique. 

13.  Procede  selon  au  moins  I'une  des  revendications  precedentes,  dans  lequel  R7  est  CHOH-CH2,  ladite  etape  (iii) 
comprenant  la  deshydratation  ou  la  deshydrohalogenation  ou  la  desalcoxylation  du  compose  de  formule  (5). 
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